Aim. To evaluate the infl uence of the rat progenitor neurogenic cells supernatant (RPNS) on the transplantable rat malignant brain glioma cells (strain 101.8) under conditions of cultivation. Methods. primary cultures were obtained from glioma 101.8 fragments (n = 12) and intact brain of newborn rats (n = 9). RPNS was received from neurogenic cell suspensions of fetal rat brain on 8-11 th (E8-11) and 12-16 th (E12-16) days of gestation. Results. RPNS (E8-11) as well as RPNS (E12-16) showed a cytotoxic effect on the glioma 101.8 cells in short-term cultures, the level of which was dose-dependent and intensifi ed with increasing duration of incubation. RPNS (E12-16) had a more pronounced cytotoxic action on the cells of glioma 101.8 compared with RPNS (E8-11). The cytotoxic index (CI) of RPNS (E12-16) on the glioma 101.8 cells was signifi cantly higher than CI determined in cell suspensions of normal rat brain (CI was (91.99 ± 2.37) % and (22.9 ± 4.97) % respectively over 48 h incubation with RPNS). After RPNS (E8-11) infl uence on the glioma 101.8 primary cultures the signs of dose-dependent cytotoxic effects were observed: the thinning of growth areas, appearance of dystrophic and necrobiotic changes in tumour cells and decreasing of a mitotic index. These features were strengthened under the RPNS (E12-16) infl uence. Conclusions. fetal RPNS showed dose-dependent cytotoxic and antiproliferative effects on the cultivated glioma 101.8 cells, which were intensifi ed with the increasing of rat brain gestational age and lengthening of the incubation duration . A prerequisite for such effects is likely the NPC ability to produce the substances with antitumour activity. K e y w o r d s: progenitor neurogenic cells, rat fetal brain, supernatant, glioma 101.8, cytotoxic index, mitotic index.
Introduction
Despite intensive studies of malignant gliomas throughout the world, no signifi cant progress in their treatment has been achieved for today because of the invasiveness and high reccurence of gliomas. The combination of surgery, radio-and chemotherapy is the gold standard in the treatment of these tumors, but does not ensure its effectiveness. One of the alternative approaches to solve this problem is the using of neurogenic stem cells and progenitor cells (NSC/NPC) for the tumors targeting therapy due to the NSC/NPC ability to migrate to the site of pathology and integrate into the local microenvironment [1, 2] . NSC/NPC can be used to induce a long-term antitumor response by stimulating the immune system and to deliver in a tumor the cytolytic viruses, enzymatic converters of drugs, proapoptotic genes and genes of cytokines [1] [2] [3] .
It is known that NPC can migrate to glioblastomas and induce the death of the tumor cells in mice and rats [3] ; they prolonged the survival of animals or almost completely inhibited the growth of glioma [4] . The multipotent NPC of human, rat and mouse express and produce proinfl ammatory as well as sup-pressor cytokines (IL-1, IL-1, IL-6, IL-10, TGF-1, TGF-2, TNF- [5, 6] , LIF [7] ). However, the mechanism of the NPC antitumor properties remains unclear.
According to the previous studies, the fetal nerve cells of rats of the 18-20 th day of gestation exhibited an antitumor effect on the experimental glioma 101.8 cells in vitro and in vivo after the joint heterologous transplantation under the kidney capsule of mice [8] . Genetic modifi cation of the primary cell cultures of fetal neural tissue of the [10] [11] [12] th day of gestation using cDNA TGF- contributed to the strengthening of antitumor effect on the glioma 101.8 cells [9] .
The purpose of this study was to evaluate the infl uence of the rat progenitor neurogenic cells supernatant (RPNS) on the cultured 101.8 glioma cells, which by the histobiological properties are close to glioblastomas, the most malignant human brain gliomas.
Materials and Methods
The fragments of transplantable rat brain glioma (stra in 101.8) (All-Russian Collection of cell cultures, Institute of Human Morphology of Russian Aca demy of Sciences, Moscow, Russian Federation) (n = 12) served as a material for the cultivation. Brain cells of newborn rats were used (n = 9) for comparative assessment of the studied biological product impact on the intact neural cells.
All manipulations with experimental animals we re carried out in compliance with the Law of Ukraine «On protection of animals from cruelty», «European Convention for the protection of vertebrate animals used for experimental and other scientifi c purpose», based on the principles of bioethics and biosafety rules.
RPNS was prepared from a suspension of neurogenic rat brain cells on [8] [9] [10] [11] th (E8-11) and 16 th (E12-16) days of gestation [10] . Native rat brain tissue obtained in these dates, was released from envelopes in buffered saline, transferred to DMEM medium («Sigma», Germany) and suspended by repeated pipetting. Cells were precipitated by centrifugation for 5 min at 1500 rev/min, washed in medium DMEM, and resuspended in fresh DMEM medium. The viability of cells in suspension was determined in a standard cytotoxic test with 0.2 % trypan blue («Merch», Germany). The concentration of cells was adjusted to 6.0×10 6 mg/ml, to the resulting cell suspension concanavalin A (0.10 mg/ml) was added and cells were incubated for 2 h in a CO 2 -incubator at (37.0 ± 0.5) C, constant humidity of 95 % and 5 % CO 2 . After incubation, the cells were precipitated by centrifugation for 5 min at 1500 rev/min, washed in medium DMEM, resuspended in fresh DMEM medium and incubated in the same conditions for 24 h. After incubation, the cells were re-precipitated by centrifugation for 5 min at 1500 rev/min, the supernatant was taken and protein concentration in supernatant was determined by the method of Lowry. RPNS was standardized to a concentration of 1.0 mg/ml, divided into aliquots and stored at (-20.0 ± 0. 5) C.
The composition of the obtained preparation of RPNS was investigated by electrophoresis in 1.5 % PAGE [11] . Cytokines content in RPNS was determined by ELISA: tumor necrosis factor alpha (TNF- and interleukins (IL-1, IL-4, IL-10) -by using «Vector-Best» test kits (Novosibirsk, Russia), transforming growth factor beta (TGF-1) -by using the test system «DRG TGF-1 ELISA» (USA), the brain neurotrophic factor (BDNF) -by using test kit «Quantikine» (R&D Systems, USA), -according to the manufacturer's instructions.
Glioma 101.8 model was reproduced by intracerebral inoculation of 0.02 ml (3.5 × 10 5 ) glioma stra in 101.8 cell suspension into the left hemisphere of the brain of rats [10] . At the peak of the cancer clinical manifestations the animals were anesthetized and the tumor was removed for obtaining cultures.
Obtaining fresh-isolated cells suspensions. Tumor tissue or newborn rats intact brain tissue was washed in DMEM medium, released from blood vessels and envelopes, crushed with microscissors in DMEM medium and mechanically dissociated with repeated pipetting. Cells were sedimented by centrifugation for 5 min at 1500 rev/ min, washed in DMEM medium, the fresh DMEM medium was added to cells precipitate and resuspended.
The viability of cells in suspensions was determined by the permeability of the plasma membrane to 0.2 % trypan blue [12] .
Study of RPNS action on short-term cell cultures. RPNS (0.01, 0.10 mg/ml) was added to a suspension of fresh-isolated cells (2.0 × 10 6 ) which in the volume of 2 ml were incubated in biologically inert glass centrifuge tubes with periodic shaking for 24 h in a CO 2 -incubator at a temperature of (37.0 ± 0.5) C, constant humidity of 95 % and 5 % CO 2 . In the suspensions the number of viable cells before and after incubation with RPNS was determined.
RPNS cytotoxic effect was evaluated by cytotoxic index (CI):
VCi -VCi +RPNS CI = × 100 %, VCi where VCi -number of viable cells in the initial suspension;VCi +RPNS -number of viable cells in the suspension after incubation with RPNS.
Primary cultures of the brain tumors and newborn rats intact brain cells were obtained under the protocol [12] . The tumor tissue or newborn rats intact brain tissue was washed in DMEM medium, released from blood vessels and envelopes, crushed with microscissors in DMEM medium and mechanically dis sociated with repeated pipetting. The cells were sedimented by centrifugation for 5 min at 1500 rev/ min, washed in DMEM medium, the fresh DMEM medium was added to the cells precipitate and resuspended. The fresh-isolated cells in the quantity of 1×10 6 were applied onto the covering adhesive slides coated with polyethylenimine («Sigma», Germany), which were placed in Petri dishes and cultured in medium 199 and DMEM (1 : 1, 2 ml) supplemented with fetal calf serum (10 %), glucose (400 mg) and insulin (0.2 U/ml). The cell cultures were kept in a CO 2 -incubator (37 C, 95 % humidity and 5 % CO 2 ) and observed in inverted microscope (Biolam P-3, LOMO, St.-Petersburg, Russia).
Study of RPNS action in primary cultures. The cultures with a uniform zone of growth were selected (6-8 th day), RPNS was added (0.01, 0.10 mg/ml) and cultures were incubated for 24 and 48 h. For morphological examination cultures were fi xed in 10 % formalin, obtained cytological preparations were stained with Carazzi's hematoxylin.
Methods of obtaining histological preparations. To investigate the histostructure of experimental glioma 101.8 native tissue the tumor was removed from rat cranial cavity, fi xed in 10 % formalin solution, embedded in paraffi n. From these blocks the slices of 5-7  were prepared by sledge microtome HM430 (MICROM International GmbH, Germany) and stained with hematoxylin-eosin, hematoxylinpicrofuchsin.
Microscopic examination and photographic registration of histological and cytological preparations of the primary cultures were performed by light optical photomicroscope Axiophot («OPTON», Ger many) with an object micrometer («Carl Zeiss», Germa ny), which is certifi ed to calibrate the images increase in morphometric studies (object lens × 40, ocu lar x10, adapter × 2). The preparations were analyzed for the cytological changes in cellular composition and mitotic index (MI) was determined.
A cellular composition of the growth zone of primary cultures of glioma 101.8 was assessed by phenotypic features of the tumour cells and their ability to form the spatial histotypical structures specifi c to the type of neuroglial growth. The form of cytoplasmic bodies of tumour cells, the presence and severity of processes, the chromatin structure and nuclei form, the character of intercellular connections were evaluated. In each specimen the morphology of experimental cultures was analyzed compared with control. Cytological changes in tumour cell cultures after incubation with RPNS were analyzed by taking into account the standard cytostructural signs of cytopatogenic effect (the appearance of dystrophic and necrobiotic changes of tumour cells). The signs of growth zone overall structure rarefaction of the tested cultures due to desquamation of dead cells were evaluated. In the preserved parts of the growth zone the changes in mitotic activity were analyzed.
MI was determined by counting mitoses in three observations of each culture sample in 10 randomly selected microscope fi elds of view (×400). In each specimen at least 1000 cells were counted. MI was calculated using the formula: number of cells with the presence of mitosis MI = × 100 %. 1000 Statistical analysis of the data was performed using the statistical software package «Statistica 6.0», the reliability of the difference was evaluated using Student t-test.
Results and Discussion
I. The study of RPNS infl uence on the glioma 101.8 short-term cultures. In short-term cultures, the fetal rat brain supernatants of investigated gestation terms (E8-11, E12-16) exhibited a cytotoxic effect of varying degree on the glioma 101.8 cells. The summarized evaluation of results of RPNS infl uence for CI indices is presented in Table 1 . The level of cytotoxic infl uence was dose-dependent and intensifi ed with increasing duration of the cell incubation with supernatants. RPNS (E12-16) showed a more pronounced cytotoxic effect on the glioma 101.8 cells compared with RPNS (E8-11) (p < 0.033).
The RPNS (E8-11) cytotoxic effect was recorded only in one third of the samples of normal rat brain cells suspensions after 24 h incubation and had a tendency to enhancement with increasing concentration and duration of incubation. RPNS (E12-16) exhibited a similar but more pronounced effect.
The RPNS (E12-16) cytotoxic action on the glioma 101.8 cells was signifi cantly higher than CI in the normal rat brain cells suspensions (p < 0,077).
II. The study of RPNS infl uence on the glioma 101.8 primary cultures.
The histological examination showed that in the glioma 101.8 intact tissue the dense-cell structure dominated with the presence of «honeycomb-like» construction areas inherent to oligodendroglioma. However, in the overall structure of the tumor the rarefi ed netting-like structures typical for anaplastic astrocytoma were also determined. Most tumor cells contained rounded-oval nuclei with enhanced density of chromatin substance, whereas the atypical cells with atypical forms and enlarged volume of nuclei of intense color and some multinuclear cells were detected, showing the cytological features of cell polymorphism. The mitotic cells were identifi ed with a frequency of one to nine (usually three-six) in the fi eld of view (Fig. 1, A) . Among them the pathological forms were detected: stick-like and subtle forms, colchicine-like forms (C-mitosis), mitosis with chromosomes scattering in metaphase, empty metaphase. The content of mitotic cells at the fi nal stage was 14 %. There were also tripolar, multicenter, asymmetric and other types of abnormal mitosis. The average mitotic index in the intact glioma tissue was (4.17 ± 0.26) %. In perifocal zones, a tumor mainly was clearly distinguished from surrounding edema brain substance, but in some areas there were the signs of infi ltrative growing of tumor into the brain tissue in the form of cell complexes and bands of different distribution.
Features of glioma 101.8 growth in cultivation conditions (control observations).
In the primary glio ma 101.8 cultures, the tumor cells formed a widespread growth area (Fig. 1, B) , which may indirectly indicate the growth migration potential of cells. After 24 h the rarefaction of cell microaggregates with the formation of monolayer friable areas was observed.
In the dense-cell conglomerates, the undifferentiated cells with rounded cytoplasmic bodies dominated. Wi thin 48-72 h after explantation the tumour cells formed around the cell microaggregates the typical netting-like structures of the growth zone (Fig. 1, C,  D, E) , similar to cytoarchitectonics of human anaplastic gliomas. In these areas of the cultures growth zone, the dominated tumour cells were of triangular, rhomboid, rarely polygonal shape with processes of different lengths and signs of terminal bran ching, forming intercellular contacts, mimicking netting-like structures. Nuclei of tumour cells were hyperchromic, mostly round-oval. Some cells contained nuclei of abnormally increased volume, which is a sign of nuclear polymorphism (Fig. 1, C, D, E) .
In the regions of monolayer arrangement of tumour cells in the culture growth area, the individual fi gures of spontaneous death, apoptosis as nuclear fragmentation, were identifi ed (Fig. 1, E) . Additional ly, different types of mitotic division of tumour cells with varying frequency were identifi ed (Fig. 1,  C, D, E) . During the period of the most active proliferation of control cultures (6) (7) (8) th day) MI was (4.00 ± ± 0.09) % (Table 2) . Among the fi gures of mitotic division of tumour cells, the pathological forms of mitosis (lagging of the chromosomes in metaphase, empty metaphase lamellas, metaphase with chromosomes scattering, C-mitosis) predominated, which confi rms the malignant nature of these gliomas. In the peripheral sections of the cultures growth zone, the destructively modifi ed tumour cells dominated.
Thus, the experimental rat brain glioma 101.8 under cultivation generates a widespread growth zone with the signs of cellular polymorphism and significant mitotic activity.
Morphosructural features of glioma 101.8 under the RPNS infl uence. After incubation of the cultures with RPNS (E8-11, 0.01 mg/ml) for 24-48 h, the thinning of growth zone, the emergence of dystrophic and necrobiotic modifi ed tumour cells with the formation of cell-shades were observed. MI reduced to the level of (1.3-1.1) % (Table 2 ). These changes stren gthened with increasing concentrations of RPNS (E8-11) to 0.10 mg/ml, under the action of which the level of MI reduced to 1.0 % (Fig. 1, F) .
When testing the impact of RPNS obtained from the fetal neurogenic cells of a later term of gestation (E12-16) on the primary glioma 101.8 cultures, the similar but more expressive dynamics of structural changes in the cellular composition of the cultures was detected. With increasing the tested concentrations of preparation from 0.01 to 0.10 mg/ml and prolongation of the culture incubation with the preparation up to 48 h, the strengthening in cytological signs of damage of tumour cells was observed, It was accompanied by rarefaction of cell arrays due to partial desquamation of degenerated cells (Fig. 1, G,  H) and a decrease in mitotic activity in the stored areas of growth zones of studied cultures (MI was 0.9 % and 0.85 %, respectively).
Thus, the study on the glioma 101.8 cultures revealed that a direct RPNS impact of the fetal NPC of different gestation terms had dose-dependent cytotoxic and cytostatic effects, which enhanced with the increasing of incubation time of the cultures with the preparation. It is important to emphasize that a higher cytotoxic impact is typical for RPNS obtained from the NPC of a later gestational age.
To determine the specifi city of RPNS antiproliferative infl uence on tumour cells, the peculiarities of preparation action on the primary cultures of intact nerve cells of the newborn rats brain were studied. In control cultures at 6-8 th days of cultivation, the netting-like growth area of glial phenotype cells with processes was formed around microexplants of nervous tissue including cells with the phenotype of neuroblasts (Fig. 1, I ). The mitotically active cells we re absent. After exposure of RPNS (E8-11, E12-16) within the area of growth and cellular composition of cultures no signifi cant differences were found (Fig. 1, J) compared with control observations, which may indicate a lack of signifi cant cytotoxic impact of RPNS on the intact nerve cells of the brain.
Since RPNS (E12-16) showed a distinct cytotoxic effect in the primary glioma 101.8 cultures, its composition was examined. According to ELISA, RPNS (E12-16) contained 115 pg/ml BDNF, 12 pg/ml TGF-1 and very low levels of IL-1 and IL-4 (Table  3) , which is consistent with the data [5, 6] . Probably, the detected small amounts of these cytokines are related to the minor fractions of proteins, which account for 1 % of the RPNS content.
It is known that TGF-1 is a homodimer with a molecular weight of 25 kDa and consists of two subunits of 12.5 kDa, linked by disulfi de bonds. The TGF-1 expression increases signifi cantly in gliomas with a high degree of malignancy [13, 14] . TGF-signaling is involved in the regulation of proliferation, differentiation and cell survival or apoptosis, its inhibition reduces the viability and invasive properties of gliomas modeled in animals [13] . Considering that the cytotoxic and antiproliferative RPNS effects on the rat glioma 101.8 cells is exactly due to TGF-1, it must be assumed that the tumour cells express the receptors for TGF-1 (TRI or TRIІ), that by binding TGF-1 launch Smad-dependent (involving Smad-proteins) and Smadindependent signaling pathways (Ras / MAPK, p38, ERK, JNK) [15] . It is known that the role of TGF- is twofold: TGF- has antiproliferative effects on a number of epithelial cells at the early stages and a promoter effect at the later stages of tumour growth [15] .
At the same time it is known that a mature BDNF molecule has the molecular weight of 13-14 kDa and its amino acid sequence is 50 % similar to the nerve growth factor (NGF) and neurotrophins (NT-3, NT-4/5) [16] . BDNF binds to two types of receptors -tropomyosin kinase (trkB) and NGF with the molecular weight of 75 kDa. These receptors are related to the protein superfamily of tumour necrosis factor and their binding leads to the activation of intracellular signaling cascades (NF-B, Junkinase) that me diate the initiation of programmed cell death (apoptosis). Thus, it is possible that the cytotoxic and antiproliferative effect of RPNS on the rat glioma 101.8 cells can be explained by the infl uence of BDNF.
A possible explanation could also be the synergistic combination of the effects of TGF-1 and BDNF, but this hypothesis requires subsequent in-depth research. 
